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The Effect of Flipped Classroom Learning Model on Students’
Understanding of Mathematical Concepts and Higher-Order
Thinking Skills
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Abstract—Students are required to understand mathematical
concepts and higher-order thinking skills as essential
mathematic skills in the 21st century. However, empirical
evidence found that these two skills were unsatisfactory and still
need to be improved. This study develops a flipped classroom
learning model by integrating the process of mathematical
modeling as a learning stage to support junior high school
student’s understanding of mathematical concepts and
higher-order thinking skills. Besides being designed for online
mathematics learning, this model also support face-to-face
classroom learning by solving real-life problems using
mathematical modeling activities. The research design used a
quasi-experimental non-equivalent control group design. The
research was conducted in the second semester of the 2021-2022
academic year involving 128 eighth-grade (junior high school)
students in Yogyakarta, Indonesia. Students’ understanding of
mathematical concept and higher-order thinking skills were
tested through pre-test and post-test. The results showed that
the student’s ability to understand mathematical concepts and
higher-order thinking skills in the experimental group differed
significantly from that of the control group. Thus, the flipped
classroom learning model could more effectively increase junior
high school students’ understanding of mathematical concepts
and higher-order thinking skills compared to conventional
learning. Other findings state that the flipped classroom
learning model could support students’ problem-solving abilities
and increase student collaboration in learning mathematics.

Index Terms—Flipped classroom, mathematical modeling,
understanding of mathematical concepts, higher-order thinking
skills

I. INTRODUCTION

The incorporation of technology in school mathematics has
posed significant challenges and provided for the teaching
and learning, especially during the Covid-19 pandemic. This
condition certainly has an impacts on teachers and students
readiness for online and offline learning to ensure smooth
learning process. Teachers play an essential role in carrying

out their duties as creators of the pedagogical environment [1].

Teachers must innovate in developing learning strategies, so
students feel interested, motivated, and involved in
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mathematics.

In the face of the 21st-century, students are required to
acquire essential mathematical skills [2]. The Partnership for
21st-century Skills (Partnership 21) is an influential initiative
to promote 21st-century skills [3]. These skills include critical
thinking, problem-solving, creativity, communication,
collaboration, and literacy. This is in line with the formulation
of the 21st-century learning paradigm in the 2013 Curriculum
in Indonesia, which emphasizes students’ ability to find out
from various sources, formulate problems, think analytically,
cooperate, and collaborate in solving problems [4].

The main goal of learning mathematics is to understand
mathematics, including factual, conceptual, and procedural
understanding [5]. Understanding mathematics according to
Davis [6], includes procedural and conceptual understanding.
Procedural understanding is the ability to apply mathematical
procedures holistically and precisely to obtain the correct
solution. Meanwhile, conceptual understanding is the ability
to detect errors, provide logical arguments, and recognize
new types of mathematical problems when applying
procedures. The study [7] explains that understanding
mathematics is related to recognizing relationships between
concepts and within concepts, representing concepts in
various  ways, recognizing relationships  between
representations, and changing concepts into different
representations.

Conceptual understanding can build procedural fluency in
teaching mathematics [8]. Understanding concepts is essential
to student proficiency [9]. Students with a good
understanding of concepts can solve new problems that will
be studied in the future and will have a strong desire to be
involved in learning mathematics. The importance of
understanding mathematics is to help students recognize the
importance of their thinking processes and learn from their
mistakes. In addition, learning mathematics with
understanding and actively constructing new knowledge from
experience and previous knowledge will help students to
solve new types of problems that will be studied in the future.

Higher-order thinking skills are needed to solve math
problems and everyday problems, in addition to
understanding concepts. Therefore, higher-order thinking
skills are an essential aspect of education in the 21st-century.

Higher-Order Thinking Skills (HOTS) in learning
mathematics include communication, creativity,
problem-solving, and mathematical reasoning [10].

Higher-order thinking skills require a more complex thought
process in dealing with or solving a problem [11].
Higher-order thinking skills can prepare students to face
challenges in academics, work, and adult responsibilities in
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everyday life [12].

Empirical evidence states that the ability to understand
mathematical concepts and students’ thinking skills still needs
to improve. The ability to absorb national exam questions on
geometry and measurement material reaches 58.10% [13].
Students® main obstacles in the exam were the difficulty in
understanding the concept of triangular comparisons, the
concept of curved length, the concept of internal tangents,
prism characteristics, determining the area of a plane,
understanding the scope of a solid surface, and understanding
the concept of meaning [14]. Furthermore, the ability to
understand low mathematical concepts is also shown by the
research results [15-18].

Several previous researchers have reviewed and analyzed
students’ thinking skills [19-21]. However, aforementioned
research results have provided information that students’
abilities are still at low-level thinking skills. This is reinforced
by the results of the 2018 PISA and TIMSS 2015, showing
that the math skills of Indonesian students are still low. For
example, students have difficulty solving PISA questions
because they have difficulty understanding the questions,
changing real problems into mathematical form, solving
mathematical problems, and interpreting solutions into real
results [22, 23]. This is due to the low level of students’
mathematical literacy and understanding of the test
material [24].

The method of teaching mathematics is the most influential
factor that leads to students’ difficulties in learning
mathematics [25]. Teaching practices that still place
mathematics as an abstract subject has required students to
require reasoning and creativity and make them accustomed
to solving problems [26]. Unfortunately, active learning
models are rarely used in learning practice, and mathematics
textbooks do not currently promote HOTS for students in
Indonesia [27].

Current teaching practices require active and innovative
learning models that can change mathematics learning.
Learning mathematics should involve the students in order to
support students’ ability to understand concepts and
higher-order thinking skills. In their research, Lee and Lai [28]
concluded that the flipped classroom could improve students’
higher-order thinking skills. The flipped classroom is one of
the newest types of blended learning from recent literature
and has been used effectively to support traditional forms of
teaching [29, 30]. The flipped classroom is a relevant learning
model for facilitating learning during the Covid-19 pandemic.
Bergmann and Sams [31] stated that the flipped classroom
model is a learning model that aims to increase student
activity, cooperation, and support with better time allocation
during the learning process.

As a learning model, the flipped classroom has become
increasingly popular recently. Baker [32] explained that the
flipped classroom includes online components such as
learning outside the classroom and active learning in the
classroom. The flipped classroom is a new pedagogical
method, which uses asynchronous lecturing video where
students are given exercises as homework, and active
group-based problem-solving activities in class [33]. This
model can increase students’ enthusiasm for learning material
before coming to class [34], and students are highly motivated

to achieve learning goals [35]. The learning process in the
flipped classroom can improve student self-regulation [36].
Students can watch videos repeatedly until they understand
the material and learn at their own pace [37-39].

The design and implementation of flipped classrooms in
secondary schools by Lo and Hew [39] have recommended
the flipped classroom model for lesson planning, learning
outside the classroom, and learning in the classroom.
Furthermore, Apriska and Sugiman [40] suggested that
applying the flipped classroom model in learning
mathematics not only focuses on learning outside the
classroom, but also on classroom activities, such as
problem-solving activities.

Active learning in the classroom has allowed students to
have more time to concentrate for better understanding and
application of concepts, such as critical and creative
thinking [32]. The flipped classroom model can enhance
teamwork in the classroom [41]. Teachers can develop
meaningful learning activities to stimulate students to engage
in higher-order thinking [42] and higher-order thinking skills
are complex thinking, such as evaluating and creating, which
allow students to retain information and apply
problem-solving solutions for real-world problems in
classroom learning [43].

Several researchers have developed and implemented the
flipped classroom model in learning mathematics. However,
integrating the mathematical modeling process as syntax or
steps in the flipped classroom learning model has never been
done before. In addition to preparing students for independent
learning outside the classroom, this model also focuses on
face-to-face learning in class (collaborative class) through
real problem-solving activities using mathematical modeling
process. The flipped classroom learning model refers to the
cycle or process of mathematical modeling by Blum and
Leil3 [44], namely (1) understanding, (2) simplifying &
structuring, (3) mathematizing, (4) working mathematically,
(5) interpreting, and (6) validating.

Mathematical modeling can be interpreted as building
models from real situations to mathematical models, applying
problem-solving processes, or any way that connects the real
world with mathematics [45]. Mathematical modeling is more
successful in achieving mathematics and problem-solving
skills and can improve student learning achievement [46].
Mathematical modeling helps students understand and apply
mathematical concepts [47]. Integrating mathematical
modeling effectively increases problem-solving performance
and reduces students’ mathematics anxiety levels [48].

The modeling process starts with a real problem or reality
[49]. The types of real problems presented are open-ended
and require creativity and persistence. Riyanto and Putri [50]
stated that modeling is closely related to higher-order thinking
skills (HOTS). Mathematical modeling is a HOTS task, so a
mathematical ~ modeling  approach  must  present
HOTS-oriented questions. This illustrates the need to develop
a flipped classroom learning model by presenting real-world
problems in solving problems through a mathematical
modeling process to support students’ understanding of
mathematical concepts and higher-order thinking skills in
geometry materials.
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Il. METHOD

A. Conceptual Model

The conceptual model framework is designed by
integrating mathematical modeling as the syntax of the
flipped classroom learning model. The flipped classroom and
mathematical modeling concepts reinforce the flipped
classroom  learning model  theory from  several
experts [32-33, 39, 44]. The designed model consists of three
learning stages, namely the planning, implementation, and
evaluation stages. The syntax of the flipped classroom
learning model has six steps, namely understanding,
simplifying/structuring,  mathematizing, = mathematically
working, interpreting, and validating [44]. The conceptual
model for developing the flipped classroom learning model is
illustrated in Fig. 1.

PLANNING Planning
Identify and prepare learning tools such as learning videos, textbooks, Stage
tests, online quiz, lesson plans, and Canvas-based LMS e-learning.
/ ONLINE LEARNING \
Video ) [ \ Understanding
[ [ ) | Quiz ) |
° Textbook ) [ )
[ l / Simplifying/
\ l Disscussion | / Structuring j
‘! Implementation
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/FACE»TO—FACE LEARNING (COLLABORATIVE CLASS
Problem-Solving Activities y Mathematizing
(Mathematical Modeling) 1 v
Understanding Create a Working
the problem mathematical mathematically
P 222 model ) *
T & l y Interpreting
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Fig. 1. Conceptual model.

First, the planning stage is to identify and prepare all the
tools for learning. Second, the implementation phase includes
online and face-to-face learning. Online learning consists of
the following steps: (1) understanding, in which students
watch videos then note important and difficult points.
Students can study textbooks to deepen their understanding.
Then, students discuss their understanding with teachers and
friends and receive direct feedback through online
discussions. (2) simplifying & structuring, in which students
complete online quizzes so that teachers can assess and
measure students’ understanding before entering face-to-face
learning in class. Face-to-face learning (collaborative class)
consists of the following step: (3) mathematizing, in which the
teacher explains the main concepts presented in the video and
directs students to form groups. The next step is (4) working
mathematically, in which students solve real problems using a
mathematical modeling process by discussing and working
together in groups, followed by (5) interpreting, where
students present the results of group discussion assignments,
ask questions, and provide input, and the teacher responds to
the results of student discussions. Third, the evaluation stage
consists of step (6) validating, in which the teacher reflects on
the learning process, concludes the learning material with
students, and ends up with an evaluation of learning

outcomes.

B. Research Design

The research design used a quasi-experimental
non-equivalent control group design, a design that compares
the result before and after treatment without assigning
participants to the experimental and control groups [51]. In
this study, the data were collected using questionnaires,
observations, surveys, interviews, rating scales, and tests. The
research instruments in questionnaires, observation sheets,
rating scale instruments, and tests were validated by experts,
then revised to produce valid and reliable research
instruments.

This study used a cluster random sampling technique. First,
the population was randomly selected based on the district,
namely the junior high school in the Pakem sub-district.
Afterwards, the samples were randomly selected to determine
two experimental and two control classes before coming up
with the selected 128 students from two state schools, each of
which consisting of two classes, namely the experimental and
the control groups. A total of 64 students in the experimental
group used the flipped classroom learning model, and 64
students in the control group used a conventional learning
approach. The research design is described as follows Table I.

TABLE I: RESEARCH DESIGN [51]

Groups Pre-test Treatment Post-test
Experimental 0, X1 0,
Control Ol Xz 02

O1: Pre-test of Understanding Mathematical Concepts and student HOTS
Oy: Post-test of Understanding Mathematical Concepts and student
HOTS

Xi: Flipped Classroom Learning Model

Xa: Conventional Learning

The test on students’ understanding of mathematical
concept measures 8 grade students or junior high school
students’ ability to understand mathematical concepts. The
team of experts in mathematics education validated this test
prior to test implementation. Several indicators of students’
understanding of mathematics in detail have been explained
by Hoosain [6], among others were recognizing the
relationship between concepts and within a concept,
representing concepts in different ways, linking between
representations of concepts, and turning them into different
representations, and followed by the application of
mathematical concepts in real life and various situations. The
following is a test instrument for mathematical concept
understanding presented in Table I1.

TABLE II: TEST INSTRUMENT FOR MATHEMATICAL CONCEPT
UNDERSTANDING

Indicators Sub-Indicators Items
. Show
Determine the elements of a concept - 1
Explain
Recognizing and associating Solve
relationships between concepts and Attributing 2,3
within a concept Determine
Check 4
Apply mathematic concepts in real Criticize
life and various situations Solve 5
Determine

The team of experts in the field of mathematics education
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conducted test validation based on (1) the suitability of the
items and the indicators, (2) the level of difficulty of the items,
(3) the use of language according to the correct spelling and (4)
the correctness of the concepts used. The mathematical
concept understanding test consists of five essay questions.
This test was tested on 30 students of the four Pakem public
junior high schools. Table 11l shows that the mathematical
concept understanding test is valid where the ry, value is
greater than ryy,e 0.361 with 28 degrees of freedom at an alpha
level of 0.05. While Cronbach’s alpha value is 0.941.

TABLE III: ITEM VALIDITY OF MATHEMATICAL CONCEPT UNDERSTANDING

TEST
Items Ixy Iable Criteria
Item1 0.853 0.361 Valid
Item2 0.919 0.361 Valid
Item3 0.814 0.361 Valid
Item4 0.735 0.361 Valid
Item5 0.908 0.361 Valid

Researchers developed the higher-order thinking skills test
to measure students’ higher-order thinking skills. The revised
Bloom’s Taxonomy has six categories from the lowest to the
highest: remembering, understanding, applying, analyzing,
evaluating, and creating [52]. According to Anderson and
Krathwohl [52], HOTS is the ability to think at the highest
three levels: analyzing, evaluating, and creating. The test
instrument for higher-order thinking skills can be seen in
Table IV.

TABLE IV: TEST INSTRUMENT FOR HIGHER-ORDER THINKING SKILL

HOTS Level Indicators Items
Solve

Analyze Determine !

Evaluate C'hfec_k 2,3
Criticize
Formulate

Create Designing 4,5
Produce

The expert validated the higher-order thinking skills test
and revised it under his guidance and suggestions. The test
was tested on 30 students of the one Pakem public junior high
school. Table V show that all five items are declared valid
because all the r,, item values are greater than ree 0.361. The
HOTS test was declared reliable with a Cronbach’s alpha
value of 0.954 at an alpha significance level of 0.05.

TABLE V: ITEM VALIDITY OF HOTS TEST

Items Ixy Table Criteria
Item1 0.894 0.361 Valid
Item2 0.888 0.361 Valid
Item3 0.908 0.361 Valid
Item4 0.782 0.361 Valid
Item5 0.904 0.361 Valid

I11. RESULT AND DISCUSSION

Post-tests for the ability to understand mathematical
concepts and higher-order thinking skills were given to
groups of experimental and control students after learning
was completed. Furthermore, the pre-test and post-test data
for the experimental and control classes were analyzed using

the average, standard deviation, and MANOVA. The pre-test
and post-test data have fulfilled normality and homogeneity.

Descriptive statistics were used to compare the average
pre-test and post-test scores using the flipped classroom
learning model on understanding mathematical concepts and
higher-order thinking skills, as presented in Table VI.

Table VI shows that the post-test average score for
understanding mathematical concepts in the experimental
group (M = 77.03) is higher than the average pre-test score (M
=47.90). Likewise, in the control group, the post-test average
score for understanding mathematical concepts (M = 56.17) is
higher than the average pre-test score (M = 45.17). The
experimental group has an average post-test score of
higher-order thinking skills (M = 76.81) higher than the
pre-test (46.86). Likewise, the control group has an average
post-test score (M = 53.83) higher than the pre-test (M =
44.41). Thus, there is a difference in the average test scores
between the understanding of mathematical concepts and
students’ high-order thinking skills in the experimental and
control groups.

TABLE VI: DESCRIPTIVE ANALYSIS OF MATHEMATICAL CONCEPT
UNDERSTANDING AND HOTS

q Std

?f:ﬁ;bﬁa Zt Groups N | Mean | deviation

Understanding Pre-test Control 32 45.17 8.501

of Mathematical Post-test Control 56.17 9.190

Pre-test Experimental 47.90 9.499

Concepts - 32

Post-test Experimental 77.03 11.246

Hiaher-Ord Pre-test Control 32 44.41 7.953

.g e.r- ' e:r Post-test Control 53.83 7.442

Th'?:ggss)k'” Pre-test Experimental 32 46.86 7.946

Post-test Experimental 76.81 9.345

Fig. 2 shows a diagram of the results of students’ post-test
understanding of mathematics concepts and HOTS by
category. In the very high and high categories achieving
learning completeness with a score of >75. These results show
that the number of students who get a score of understanding
mathematical concepts >75 reaches 44 students (69%), and
20 students (31%) obtained a value of <75. While the number
of students who received a HOTS score >75 reached 42
students (66%), and 22 students (34%) obtained a score of
<75. It shows better results compared to the results pre-test,
which has not reached the specified competency score. Thus,
the flipped classroom learning model meets the criteria of
effectiveness based on the results of tests of understanding
math concepts and HOTS.
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Fig. 2. Learning Test results.
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Table VII shows a significant difference in average scores
in understanding mathematical concepts (F = 132.017, p =
0,000) and higher-order thinking skills (F = 236.911, p =
0.000) between the experimental group and the control group.
In addition, the existence of different treatments affected the
average post-test scores of students in the experimental and
control groups. Thus, the flipped classroom learning model is
effective in increasing students’ understanding of
mathematical concepts and higher-order thinking skills
compared to conventional models.

TABLE VII: THE RESULTS OF MANOVA

Dependent Variables Type 1l Sum F Sig.
of Squares
Understanding of
Mathematical Concepts 13923.633 1 12017 0.000
Higher-Order Thinking -\ o0c 008 1 236911 0000

skill (HOTS)

This study successfully implemented the flipped classroom
learning model to support junior high school student’s ability
to understand mathematical concepts and high-order thinking
skills. The research statistics show that students in the
experimental group are more superior than the control group.
This shows that the flipped classroom learning model
improves the understanding of mathematical concepts and
higher-order thinking skills of the experimental group
students. This learning model has provided an exciting
learning experience for students. It’s because the flipped
classroom learning model includes several learning activities
both outside the classroom and in collaborative classrooms
through problem-solving activities using mathematical
modeling, which impacts student performance in learning
mathematics.

The ability to understand students’ mathematical concepts
increases in solving flat-sided geometrical problems. In the
first indicator, students’ understanding ability to determine
the elements of a concept increases in the application of the
flipped classroom learning model. Students can show
illustrations and explain the elements of cube nets accurately
and communicatively. Students can understand and visualize
cube shapes through cube nets (See Fig. 3).

1. Perhatikan gambar jaring-jaring kubus berikut:

HEEE 7
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Jika persegi nomor 1 adalah sisi alas kubus, b
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Fig. 3. Student response to concept understanding in indicator 1.

The second indicator increases the ability to recognize and
associate relationships between concepts. Students can
attribute and solve problems related to flat-side shapes in a
precise, coherent, and communicative manner (See Fig. 4).
Increased understanding of mathematical concepts in the
experimental group proves that the application of the flipped

classroom learning model can facilitate students’ online
learning by using videos to develop an understanding of
mathematical concepts. This study aligns with the findings of
Sari et al. [53] that the flipped classroom learning model
using video positively affects students’ understanding of
mathematical concepts. In understanding activities, the
flipped classroom learning model has given students
responsibility for managing their learning and helping their
thinking processes better. Students learn online by watching
videos anywhere and anytime at their own pace. Students can
watch the video repeatedly to better understand the concept of
a flat-sided space and record essential points from the video.
Students have a positive attitude towards using videos outside
the classroom [54].
2 g o e o e Vet o o G e S AN
Vol ko s dglate e g djt, B
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= M4l em¥
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vextxy
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Fig. 4. Student response to concept understanding in indicator 2

Students gain learning experience through online
discussion activities. For example, students are actively
involved in finding the formula for the surface area of a
cuboid by using their sentences communicatively and
appropriately. This is done so that students can develop their
thinking processes in understanding the concept of flat-sided
shapes and increase student involvement in discussions. In
Simplifying activities, students are also involved in
completing pre-class quizzes. Student involvement greatly
influences their success in achieving pre-class quizzes and
their attitude toward the flipped classroom learning
model [55]. In addition, this process can assist teachers in
assessing students’ comprehension abilities before entering
class.

Increased understanding of the concept on the third
indicator in the experimental group proves that applying the
flipped classroom learning model can provide ideas for
students to apply mathematical concepts in real life. Students
can solve geometrical problems by justifying the correctness
of information with communicative explanations and using
appropriate procedures (See Fig. 5). This is supported by
learning activities in collaborative classes using mathematical
modeling to apply the flipped classroom learning model. This
study aligns with the findings of Sokolowski [47], who claim
that mathematical modeling can help students understand and
apply mathematical concepts. In mathematizing activities, the
flipped classroom learning model allows students to
remember and understand mathematical concepts better
because the teacher clarifies essential concepts in the video.

In working mathematical activities, the flipped classroom
learning model helps students actively participate in groups
and work together to solve real problems with teacher
guidance. Working with peers can help other students build
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their confidence and increase their understanding of
mathematical concepts [37]. This collaborative activity
supports thinking and reasoning processes so that students can
be involved in learning and improve their understanding of
the concept. Collaboration is essential in completing tasks
related to hands-on and project-based learning activities. This
finding aligns with the results of Dori and Kohen et al. [56]
that applying the flipped classroom learning model can
improve students’ conceptual understanding in solving
problems and completing projects. The existence of
teamwork in collaborative classes can enhance active learning
in class to achieve more meaningful learning outcomes.

5. Scbuah bakmandi berbentuk balok berukuran panjang 100 cm,
Icbar 60 ¢m dan tinggi 80 ¢m. Bak terscbut diisi air dari kran
dengan debit 40 ml/detik. Berapakah waktu yang dibutubkah
untuk mengisi bak tersebut hinggapenuh?

Dadang akan membuat papan nama dari
Kertas karton, yang bagian kiri dan

= kanannya terbuka seperti pada gambar
di samping. Periksalah apakah denganluas
karton 1.980 em?, Dadang dapat membuat
tigabuah papan nama?

0 lwac kareon 1980cm?, 0a

PaPannama

Fig. 5. Student response to concept understanding in indicator 3.

Research findings revealed that the application of the
flipped classroom model in  supporting  students’
understanding of mathematical concepts could significantly
affect student achievement and motivation compared to
conventional teaching [57]. Therefore, it is conclusive that
students who have a good understanding of mathematical
concepts can influence their learning achievement so that they
can improve their learning performance. This study also
shows that the flipped classroom learning model is more
beneficial for students with lower achievements than those
with high achievers and moderate achievers in understanding
mathematical concepts. Because low-achieving students get
more attention from the teacher, they discuss problems to
understand mathematical concepts. Wei et al. [58] explained
that this learning model has helped students think deeply both
in class and outside the classroom and can interact well with
learning  videos, thereby increasing their learning
achievement.

The findings of this study also reveal that the flipped
classroom learning model effectively increases HOTS. HOTS
capabilities include the ability to analyze, evaluate and create.
The application of the flipped classroom learning model can
improve students’ analytical skills on the topic of flat-sided
shapes (See Fig. 6). Increasing the HOTS of students in the
experimental group revealed that the application of the
flipped classroom learning model had provided a way for
students to use analytical skills, namely being able to
differentiate, compare and solve problems of flat-sided
shapes.

Working  mathematically  through  problem-solving
activities in completing group assignments helps students
understand the topic. In this way, students can interact with
their group mates to give opinions, and skilled students can

help other students avoid misunderstandings. So that at the
analysis level, students can apply concepts and solve
mathematical problems correctly in the tests given. This
finding aligns with the results of Clark [37] that the flipped
classroom learning model can increase engagement and
communication compared to traditional learning. This
learning model strongly supports interaction between students
with peers, and teachers.

1. Sebuah bak sampah berukuran 2 m x 1,5 m x 1,5 m. Warga sekitar bermaksud untuk
membuat bak sampah baru yang berukuran lebih besar. Panjang bak sampah yang akan
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tetap. Berapakah persentase perbandingan ukuran antara bak sampah yang lama dan
baru?
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Fig. 6. Student responses to ability of analysis.

The findings of this study indicate that the application of
the flipped classroom learning model can improve students’
evaluation abilities (See Fig. 7). The increase in student
HOTS in the experimental group revealed that the application
of the flipped classroom learning model had provided space
for students to examine and criticize the correctness of
information from real problems related to flat-sided space
shapes. Students can apply mathematical concepts in
everyday life and check the truth of the information. This
model can help other groups to evaluate information from
these real problems. Giving group assignments in the form of
modeling assignments can improve mathematics learning.
The findings of Riyanto and Zulkardi et al. [59] show that the
mathematical modeling approach effectively improves the
quality of learning mathematics. This learning uses students’
thought processes in completing modeling assignments so
that students can be involved in learning mathematics.

3. Alisha mempunyai kotak mainan besar berbentuk Kubus.
Kotak tersebut akan diisi dengan kotak mainan yang lebih
kecil berbentuk balok. Panjang rusuk dari kotak mainan yang
besar adalah 36 cm dan panjang kotak mainan kecil adalah
12 cm, lebar 6 cm dan tingginya adalah 8 cm. Kotak mainan
besar akan diisi dengan kotak mainan kecil sebanyak 81 buah. Rp3
Periksalah apakah kotak mainan besar itu mencukupiuntuk diisi| ~ Perik
dengan kotak mainan kecil yang jumlahnyalebih dari 81 buah!.

Sebuah kamar mandi berbentuk balok dengan ukuran

4mx2mx2m. Lantai dan sekeliling dinding bagian

dalamnya akan dilapisi keramik berukuran 20 em x 20 em

setinggi 1,60 m. Harga keramik per dus adalah Rp 135.000,00,
ja menaksir i i

000,00 untuk membeli keramik tersebut.
ah dugaan pekerja tersebut benar atau salah
[jika 1 dus=25 keramik, ukuran Im?)L.
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Fig. 7. Student responses to ability of evaluation.

Application of the flipped classroom learning model can
improve creative abilities (see Fig. 8). The increase in student
HOTS in the experimental group shows that the application of
the flipped classroom learning model provides a way for
students to develop creative abilities, namely formulating,
designing, and producing. This flipped classroom learning
model has the advantage of connecting thinking skills with

2019
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real problems through mathematical modeling. Problem
solving activities in collaborative classes use mathematical
modeling activities. Sokolowski [47] found that mathematical
modeling activities have a positive learning effect compared
to traditional methods. Furthermore, the findings of Tezer and
Cumhur [46] show that mathematical modeling can improve
students’ mathematics achievement. Thus, the flipped
classroom learning model can potentially enhance
problem-solving skills.

4. Rancanglah sebuah tendaberbentuk prismayang | s
mungkin dari kain yang berukuran 31 m??.

Fig. 8. Student responses to ability of creation.

Improving the ability of analysis, evaluation, and creation
proves that applying the flipped classroom learning model can
increase students’ HOTS. The research is in line with
Palinussa et al. [60] that the flipped classroom learning model
can improve HOTS. Students’ thinking skills have increased
at the level of analysis, evaluation, and creation, and student
test results show that three out of 36 students are in the very
high category, and no students are in the deficient category. In
addition, the flipped classroom learning model presents
real-world problems that can be solved using mathematical
modeling. This aligns with the findings of Samo et al. [61]
that learning by giving contextual problems or real problems
can increase students’ HOTS and produce higher-order
thinking skills in the high category. These results indicate that
the flipped classroom learning model can increase student
HOTS by integrating mathematical modeling.

IV. CONCLUSION

This study aims to determine the effectiveness of the
flipped classroom learning model compared to conventional
teaching methods. Interventions were carried out in both
approaches by providing the same learning materials. The
results showed that students’ ability to understand
mathematical concepts and higher-order thinking skills
delivered using the flipped classroom learning model differed
significantly from those who were taught using conventional
teaching method. The flipped classroom learning model has
succeeded in increasing understanding of mathematical
concepts and higher-order thinking skills of junior high
school students. The flipped classroom learning model can
support students’ problem-solving abilities and increase their
collaboration in learning mathematics. The flipped classroom
is an active learning model involving students in learning and
making mathematics teaching more meaningful. Other
researchers can carry out further research by considering

different variables. Mathematics teachers can also consider
these findings or use learning models or other strategies that
support mathematical modeling-based learning to improve
students’ understanding of mathematical concepts and
higher-order thinking skills.
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